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IN THE CLAIMS: 

Please add new claim 94 as follows: 

94. (New) The method of claim 1, wherein said plant host system is a maize host 
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Tabic 3—1 Approximate Chemical Compositions of a Typical Bacterium and 
a Typical Mammalian Cell 





Percent of Total Cell Weight 




E. Coll 




Component 


Bacterium 


Mammalian Cell 


It^O 


70 


70 


Inorganic ions (Na + , K + , Mg 2 + , 


1 


1 








Miscellaneous small metabolites 


3 


3 


Proteins 


15 


18 




6 


1.1 


DNA 


1 


0.25 




2 


3 


Other lipids 




2 


Polysaccharides 


2 


2 


Total cell volume: 


2 X 10" 12 cm 3 


4 X 10" 9 cm 3 


Relative cell volume: 


1 


2000 


Proteins, polysaccharides, DNA, and RNA an 


macromolecules. Lipids art 


not generally classed 


as macromolecules even though they share 


some of their features; for ex 


ample, most are 


synthesized as linear polymers of a smaller molecule (the acetyl group o 


n acetyl CoA) and self- 


assemble into larger structures (membranes 


. Note that water and protei 


n comprise most of the 


mass of both mammalian and bacterial cells 







The Specific Interactions of a Macromolecule Depend on 
Weak Noncovalent Bonds 2 

A macromolecular chain is held together by covalent bonds, which are strong 
enough to preserve the sequence of subunits for long periods of time. Although 
the sequence of subunits determines the information content of a macromolecule, 
utilizing that information depends largely on much weaker, noncovalent bonds. 
These weak bonds form between different parts of the same macromolecule and 
between different macromolecules. They therefore ptay a major part in determin- 
ing both the three-dimensional structure of macromolecular chains and how these 
structures interact with one another. 

The noncovalent bonds encountered in biological molecules are usually 
classified into three types: ionic bonds, hydrogen bonds, and van der Waals 
attractions. Another important weak force is created by the three-dimensional 
structure of water, which tends to force hydrophobic groups together in order to 
minimize their disruptive effect on the hydrogen-bonded network of water mole- 
cules (see Panel 2-1, pp. 46-47). This expulsion from the aqueous solution gen- 
erates what is sometimes thought of as a fourth kind of weak noncovalent bond. 
These four types of weak bonds are the subject of Panel 3-1, pp. 90-91. 

In an aqueous environment each noncovalent bond is 30 to 300 times weaker 
than the typical covalent bonds that hold biological molecules together (Table 3—2) 
and only slightly stronger than the average energy of thermal collisions at 37°C. A 
single noncovalent bond — unlike a single covalent bond — is therefore too weak to 
withstand the thermal motions that tend to pull molecules apart, and- large num- 
bers of noncovalent bonds are needed to hold two molecular surfaces together. 
Large numbers of noncovalent bonds can form between two surfaces only when 
large numbers of atoms on the surfaces are precisely matched to each other 
(Figure 3-2), which accounts for the specificity of biological recognition, such as 
occurs between an enzyme and its substrates. 

The weak noncovalent forces determine how different regions of the same 
macromolecule fit together, in addition to determining how that macromolecule 
will interact with other molecules. However, as explained at the top of Panel 3—1, 
atoms behave almost as if they were hard spheres with a definite radius (their 

88 Chapter 3 | Macromolecules: Structure, Shape, and Information 
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The effect of oxygen aupply on the cultivation, of the genetically modified tobacco cells 
and the formation of a foreign protein, ^-glucuronidase (GUS), was investigated in 
250-mL Erlenmcyer flasks, a 5-L stirred tank fermenter, and a 7-L air-lift fermenter. 
The oxygen -supply was varied by using different volumes of medium in the case of the 
250-mL Erlenmeyer flask culture or by the different aeration rate in the case of the two 
types of fermentere tested. Higher oxygen aupply stimulated cell growth and increased 
oxygen consumption rate, the level of phenolics, and GUS productions. 



Introduction 

Large-scale plant suspension cultures can be employed 
for the production of pharmaceuticals, flavors, food colors, 
etc. However, the slow growth rate and the low product 
yield of plant cells are the two major obstacles for their 
active commercial utilization. These limitations can be 
partially overcome by selecting fast growing and high 
yielding cell lines, by optimizing growth media, or by 
improving fermenter design. 

Mora drastic improvements may be possible by em- 
ploying recombinant DNA technology to modify the 
metabolic pathways to overproduce a desired natural 
metabolite or to insert foreign genea to produce a protein 
product. However, the modification of metabolic pathways 
may be very difficult due to the complex nature of 
metabolic pathways involved in the metabolite production. 
On the other hand, current plant biotechnology made it 
possible to inaert foreign genes into plants or plant cells 
by agrobacterium-mediated transformation techniques 
and those transgenic plants or cells could produce foreign 
proteins such as chloramphenicol acetyltransf erase (Gor- 
man et ah, 1982; An, 1986), neomycin phosphotransferase 
(Reiss et ah, 1984), ^glucuronidase (Jefferson et al, 1987) , 
human serum albumin (Sijroons et al., 1990), antibodies 
(Hiadt et al., 1989; During et al„ 1990; Hein et al., 1991), 
and proteinase inhibitor (Johnson, etui., 1989). 

In an effort to test the feasibility of the large-scale 
production of foreign proteins in plant cell cultures, wo 
have demonstrated the production of a model bacterial 
protein, chloramphenicol acetyltransferase (CAT), from 
genetically modified tobacco cells byusingvaiiousculture 
environments including shake flasks, a stirred fermenter, 
and a bubble column in batch, semibatch, and continuous 
modes (Hogue et al., 1990), We have also studied the 
stability of (3-glucuronidase (GUS) production from ge- 
netically modified tobacco ceils by monitoring G US activity 
during the 295 days (composed of 42 sub-batch cultures) 
of 10 independently transformed cell lines. We found that 
8 cell lines out of 10 cell lines either maintained or increased 
the stability of the production during the entire testing 
period, which indicated that the stability of transferred 
foreign gene in plant cells was very good (Gao etal, 1991). 



Oxygen supply is known to affect the cell growth and 
the secondary metabolite production (Snape et al., 1989; 
Tate and Payne, 1991; Leckie et al., 1991; Kobayashi et 
al., 1989; Kat« et a!., 1975; Tanaka, 1981). Generally, 
growth rate increases with the inereas of oxygen supply 
until it reaches a maximum (Snape et al., 1989; Tate and 
Payne. 1991; Leckie etal.. 1991; Kobayashi et al., 1989). 
However, further increase of the oxygen supply by 
increasing the aeration rate or the stirring speed can 
decrease the growth rate not because of the oxygen effect 
butbecauae of the increased hydrodynamic shear (Tanaka, 
1981) or carbon dioxide stripping (Hegarty et al, 1986). 
The increase of oxygen aupply can increase the production 
of secondary metabolites {Tate and Payne, 1991; Koba- 
yashi et al., 1989) or can alter the pattern of product 
accumulation during a batch cultivation (Leckie et al., 
1991). However, there is no report concerning the effect 
of oxygen on genetically modified plant cells. 

In this paper, we report the effect of oxygen supply on 
cell growth, GUS production, and secondary metabolite 
(phenolics) formation in suspension cultures of genetically 
modified plant cells by employing different culture en- 
vironments such as shake flask, a stirred tank fermenter 
(STF), and an air-lift fermenter (ALP). 

Material and Methods 

Plant Cell Line and a Model Foreign Protein 
Product, The plant cell line used in this study was tobacco 
cells, Nicotianatabacum 1 (NT-1], which were genetically 
modified to carry a foreign gene, ^-glucuronidase (GUS) _ 
from bacteria (Gao etal., 1991). The tobacco cell line was 
choBen because of its excellent characteristics as a sus- 
pension culture in view of its growth rate and stability. 
The GUS gene was chosen because its assay is sensitive 
and reliable. 

Culture Medium. Genetically modified plant cells 
were grown in a liquid medium containing 4.3 mg/mL Mu- 
rashige and Skoog (MS) medium (Murashige and Skoog, 
1962) supplemented with 3% «ucrose, 0.18 mg/mL KH S - 
P O,, 0. 1 mg/mL inositol, I (<g/mL thiamine hydrochloride, 
and 0.2 Mg/mL 2,4-dichlorophenoxyacetic acid (2,4-D) as 
growth hormone, Kanamycin (42 ,ng/mL) was added in 
order to control the bacterial contamination. 
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Batch Cultures. Thegenetic&llv modified lobaccorcllsi 

were cultivated in 250-mL Erlenmeyer flasks, a 5-L 
(working volume of 3 L) stirred tank fermenter (STF), 
arid a 7-L (working volume of 4.5 1.) air-lift fermenter 
(ALF), all in a batch mode. The culture was maintained 
at 30 «C in the dark. The inoculum size for all butch 

The amount of oxygen supply in the Husk was rnanip- 
ulster) by cultivating cells in three different medium 
volumes, 30, 90. and 150 ml, in the same size 250-mL 
Erlenmeyer flasks, which were shaken on a gyratory shaker 
(Model G25, New Brunswick Scientific Co.) at 150 rpm. 
The STF (New Brunswick Scientific, Model F5) was 
agitated with a fiat-bladed impeller (5.6 cm in diameter, 
four blades) with the rotation speed of 150 rpm. The STF 
was aerated through a one-hole nozzle with various aeration 
rates. The ALF was constructed by placing a glass draft 
tube (5 cm in outer diameter, 0.175 cm thick, and -17.8 crn 
long) centrally in an outer glass column (1.1.4 cm in outer 
diameter, 0.7 cm thick. 89 cm long). The outer column 
was fastened by two plates. The top plate has ports for 
sampling, gas exhaust, and medium addition. The bottom 
plate has ports for aeration, steam sterilization, and 
draining. The draft tube was placed 3 cm above the bottom 
plate. Sterile air was passed through a 36- hole (0.1 cm in 

located 5 cm above the bottom plate (Gao, 1990). 
Cell and Phenolics Concentrations. The cell and 

termined as previously described (Hooker c.t a!., 1989). 

Sucrose, Glucose, and Fructose Assays. Sucrose 
concentration in the culture (suspensions was determined 
by the anthrone method (Handel, 1968). Glucose con- 
centration was determined bv lining the hexokinase 
enzymatic assay kit (Boehringer Mannheim, No. 1390.11), 
and fructose concentration was measured by vising the 
same method a3 that for glucose after the sample was 
treated with an enzyme, phosphoglucnse isornerase (Bo«- 
hringer Mannheim, No. 12739G). 

Protein and GUS Assay. About 1 g of cell suspension 
was centrifuged for 1 min and was resuspended in plant 
extraction buffer (17% sucrose, 0.1% ascorbic acid, 0.1 % 
cysteine hydrochloride, and 0.1 M Tria-HCl, pH 8.0). It 
was sonicated and centrifuged to obtain crude protein 
extract. Protein concentration of the extract was measured 
by the Bradford Reagent (Bio-Rad Laboratories, Rich- 
mond, CA). GUS activity was measured by the colori- 
metric method (Jefferson, et ah. 1986). One unit of GUS 
enzyme represents 1 nmol of p-nitrophenol formed at 37 
°C in 1 min. 

Determination of fe L a and Oxygen Consumption 
Rate. The overall volumetric oxygen transfer coefficient 
(fei.a) was determined by the transient gassing-out tech- 
nique (Lee, 1992; Van'tRiet, 1979) using a dissolved oxygen 
meter (YSI MODEL 58, Yellow Springs Instrument Co.). 
The oxygen consumption rate of the culture was measured 
by the dynamic technique (Lee, 1992; Taguchi and Hum- 
phrey, L966). 

Results and Discussion 
GUS Cell Cultures in Shake Flasks. In order to 
study the effect of oxygen supply on the growth and 
metabolic production in genetically modified plant colls, 
we varied the medium volume in the 250-mL Erlenmeyer 
flasks from 30 to 150 mL. The increase of the medium 
volume in the flask decreases the liquid surface area hut 

volume andcellsf Furthermore, the increase of the medium 




Fig:ure 1. Effect of filling volume (water) in a 250-mL Erlen- 
meyet flask on volumetric oxygen transfer coefficients k L o. 

also decreases the mixing intensity in the flask due to the 
decrease of the free space in the flasks for liquid movement 

Figure 1 shows the change of the volumetric oxygen 
transfer coefficient (1'ija) as a function of the volume of 
water in a 250-mL Erlenmeyer flask placed on a shaker 
at 150 rpm. Aa expected, k t _a was decreased as the filling 
volume was increased. The range of h\,a values was 6-35 
b' ', which showed that a wide range of oxygen supply can 
be manipulated by varying the medium volume in shake 
flask. 

Figure 2 shows the changes of dry and wet. cell 
concentrations during 8 days of batch cultivation of the 
genetically modified tobacco cells in 250-mL Erlenmeyer 
flasks with three different medium volumes (30, 90, and 
150 mL). Each culture had about 2 days of lag phase, 
followed by the exponential stage. The specific growth 
rates (dry weight basis) during the experimental period 
between 2 and 5 days were 0.66, 0.52, and 0.43 day" 1 for 
the 30-, 90-, and 150-mL cultures, respectively. The 
decrease of the filling volume increased not only the specific 
growth rate hut also the maximum cell concentration. The 
growth condition for the 150-mL culture was bo poor that 
the stationary phase could not be reached within 8 days, 

Figure 3 shows the rate of oxygon consumption by the 
GUS cells during the first four days of the 30- and 150-mL 
batch cultures. Initially, both cultures had the same 
oxygen uptake rate.. As the cultures started to grow 
exponentially after 2 days, the 30-mL culture exhibited 
much higher oxygen consumption rate per unit volume 
than the 150-rrxL culture did, which might be attributed 
to the more active growth in the 30-mL flask. However, 
the comparison of the specific oxygen uptake per unit of 
dry eel! mass (thelowerpart ofFigure3) also showed that 
the cells in 30-mL culture consumed more oxygen [the 
average of 0.359 mmol/(h-g)] than that in 150-mL culture 
ft.he average of 0.207 mmol/(h-g)l. These results indicated 
that faBt growing cells had more active respirations than 
slow growing cells. 

Figu re 4 shows the total protein and GUS activity of the 
cultures in ahake flasks. The increase of the oxygen supply 
increased not only the total productivity of protein, but 
also the specific GUS activity per unit amount of protein 
produced. The decreases of GUS production and GUS 
specific activity in the cultures with 90- and 160-mL were 
mainly caused by poor oxygen supply and insufficient 
mixing in these cultures. The total protein of the cultures 
followed the same trends as the cell mass concentration 
of the cultures, implying that the protein content inside 
the cell was fairly constant. It is also interesting to note 
that the specific GUS activity for the 30-mL run reached 
the maximum value after 6 days that corresponds to the 
second dfty of stationary phase, and it declined slightly 
thereafter. This implies that the GUS production is growth 
related . 
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Figure 2. Effect of n> 
flask on the growth o 



diurn volume in a 25fr_jiJL- Erlenmeyor 




Figure 3. Eff< 



tiriennieyer dpeciflc oxygen uptake rate ( 

moles per hour per Uteri and the overall oxygen uptake 
£uIimol« per hour pergram) by the genetically modified tob«« 
cell cultures. 

The hydrolysis of sucrose and the utilization of glucose 
and fructose were monitored during the batch cultures 
and are shown in Figure 5. Before sucrose can be utilized 
by plant cells, it is hydrolyzed into glucose and fructose 
The concentration of sucrose in the 30-mLculture declined 
quickly and d rapped almost to zero after five days, showing 
a high metabolic activity for sucrose conversion m the 
culture The conversion rates of sucrose (on the basis of 
first five days) in 30-, 90-, and 150-mL cultures were 5.6, 
3 5 and 3.1 g/day, respectively. The sucrose conversion 
was faster than the consumption rates of glucose and 
fructose, resulting in the increases of glucose and frucu.se 
concentrations in all three cultures during theeiponential 
stage. The rates of glucose consumption in the 30-, 90-, 
and 150-mL cultures (on the basis of first five days) wore 
2.8, 1.7, and 0.8 g/day, respectively, showing the mcteutd 
consumption rate with the increase of oxygen supply . The 
rates of fructose consumption were about half of those ot 
glucose CI.*, 10, and 0.4 g/day for the 30-, 90-, and 150-mL 



Figure 5. Effect of medium volume in a 250-mL Erlenmey, 
flask on the carbohydrate utilization pattern, of the geneticall. 



d tobacco cell culture*. 




Figure 6. Effect of medium volume in a 250-mL Erlenmeyer 
flask on the phenolic* production in genetically modified tobacco 
cell cultures. 

cultures, respectively) during the first five dtt y"> ^ d 
depleted. 



nsumed after glucose was 



The. 
monitored d 



iry metabolites, total phenolics, were also 
ing the batch cultures, and the results are 
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coefficients k,.a in » 5-1. STF nnd in a 7-L Al 

shown in Figure 6. As the oxygen supp 
decreasing culture volume, phenolics produ 
The culture with 30-mL medium had o 
duction of 0.126 g/L after 8 days which v 
4 times higher than those cultures with f 
media, respectively. This result is in agree 
studies of secondary metabolite product" 
twin* nnd scrDentine (Kobayashi et al., 
usly, highe 



could stimulate the growth and metabolic i 
cell cultures, and therefore enhanced uit 
pathways for plicnolics production. 
GUS ('ell Cultures in STF nnd A LT . 



different fer- 
llv mod- 
rr (STF) 



. The oxygen 



T i 



ffl 



differe 



. volur 



liquid per minute) are shown in Figur 
increased almost linearly with the aeration rate m S 
I agitation speed, ISO rpm). Even though the k L a vo 
was increased with the increase of aeration, rate up t< 
h" 1 at 5.6 wm, the operation of STF with the aeration t 
exceeding 1.1 wrn was impractical for the plant. 



culliv 



d cell a 



:e.ll 



The n 



g in the head space nf the fermen 
increase in k L a with the aeration rate in ALF was higher 
than that in STF. as also shown in Figure 7. The tall 
column in ALF made the gns-liquid contact more efficient, 
by a longer residence time of rising bubbles. The internal 
circulation through the draft tube further increased the 
residence time as the small bubbles entrained through the 
draft tube. This showed that the ALF had a higher oxygen- 
supplying ability compared with STF. However, as the 
case in STF, overaeration in ALF caused serious foaming, 
which made it impractical to aerate at more than 3.5 wm. 

The batch cultures of GUS cells In the STF with different 
aeration rates are shown in Figure 8. As in the case of the 
shake flask cultures, the increase of the aeration rate 
increased the growth rate. The specific growth rate tor 
the culture with 1.1 wm was 0.61 day' (dry weight basis) 
during the exponential growth period between 2 and 6 
days, which was very close to the best growth rate for the 
shaker flask culture (0.66 day-' for the 30-mL culture). 
The culture with 1.1 wm reached its stationary growth 
stage more quickly than the other cultures with lower 
aeration rates, ... „ 

The GUS production and specific activity in SI r are 
shown in Figure 9. The highest aeration produced the 
highest level of GUS per u: ' ' " ~ 



iov 



ic data 



>ugh tr 



diffici 



find tl 



,n (0.1 




for all four cases during the. lag phase, followed by a. slight 
increase during the exponential period. GUS activity 
became stabilized in the lateT exponential and stationary 
phases. Concerning the effect of aeration, there were also 
some trends that the specific activity decreased when the 
aeration rates were either too low (less than 0.1 wm) or 
too high (larger than 0.7 wm). 

Figure 10 shows the growth curves for thebatch cultures - 
in ALF. The specific growth rate during the exponential 
growth period (between 2 and 5 days) for the 3.5 wm run 
waa 0.73 day-', which was higher than that of the best 
shaker flask run C0.66 day -1 ). However, the maximum 
cell concentration reached in ALF was 12.8 g/L, which 
was lower than 17.4 g/L for the best ahaker flask run (Bee 
Figure 2). The decrease of the aeration rate to 1.6 wm 
did not significantly affect the specific growth rate, but 
the time required to reach the stationary phase took longer 
by 1 day. When the aeration rate was further decreased 
to 0.5 vvm, cells seemed to grow well in the beginning. 
However, as the cell population increased, the aeration 
was not high enough to suspend the cells which resulted 
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in a 250- mL flask. The decrease of the medium volume 
provided^ condition for better railing and higher oxygen 
supply. The increase of the oxygen Bupply by decreasing 
th e med ium volume increased ail of the following: specific 
growth rate, maximum cell concentration, oxygen uptake 
per unit dry cell mass, total protein production, GUS 
production, specific GUS activities per milligram of 
protein, rate of sucrose conversion, rate of glucose and 
fructose consumption, and secondary metabolite produc- 
tion (phenolice). The increase of the aeration rate in STF 
and ALF also showed the similar trend of increased eel! 
growth and the GUS productions as the shaker runs- 

Acknowledgment 




Figure U. Effect of tie 

milligram: 
7-L ALP. 

in poor mixing of the medium and oxygenation. The 
aeration of 0.5 wm was not high enough to create the 
circulation of fluid and air bubbles through the draft tube. 

Figure 1 1 shows the GUS production and specific activity 
in 7-L ALF. The experimental results of GUS production 
followed similar trends as in the case of STF. The cultures 
with 3.5 and 1.5 wm had higher GUS activity and specific 
activity than that in the culture with 0.5 wm. The GUS 
specific activity could reach 7.6 and 7.1 units/mg for the. 
cultures with 3.5 and 1.5 wm, respectively. The low GUS 
productivity in the 0.5 wm culture may be caused by the 
poor growth due to inadequate mixing in the column and 
possibly by the insufficient oxygen supply. 

Conclusions 
The effect of oxygen supply on the cultivations of the 
genetically modified tobacco cells and the formation of a 
foreign protein, /S-glucuronidase, were investigated in 250- 
mT. Erlenmeyer flasks, a 5-L STF, and a 7-L ALF. In the 
batch cultures in shake flasks, oxygen transfer coefficient 
(kva) was controlled by various levels of medium volume 
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Recombinant Human IL-4 

Catalog Number: 204-1 L 



Specifications £ 
Source 

Molecular Mass 
Purity 

Endotoxin Level 
Activity 



Reconstitution 



♦ A DNA sequence encoding the mature IL-4 protein (Yokota, T. et al., 1986, Proc. Natl. 
Acad. Sci. USA 83:5894) was expressed in E. coli. 

♦ The methionyl form of the E. coli expressed mature human IL-4 contains 130 amino acid 
residues and has a molecular mass of approximately 14 kDa. 

♦ > 97%, as determined by SDS-PAGE and visualized by silver stain. 

♦ < 0.1 ng per 1 \ig of the cytokine as determined by the LAL method. 

♦ Measured in a cell proliferation assay using a human factor-dependent cell line, TF-1 
(Kitamura, T. era/., 1989, J. Cell Physiol. 140:323 - 334). 

♦ The ED 50 for this effect is typically 0.05 - 0.2 ng/mL. 

♦ Lyophilized from a 0.2 urn filtered solution in PBS containing 50 ug of bovine serum 
albumin per 1 jig of cytokine. 

♦ It is recommended that sterile phosphate-buffered saline containing at least 0.1% human 
serum albumin or bovine serum albumin be added to the vial to prepare a stock solution 
of no less than 5 jxg/mL of the cytokine. 

♦ Lyophilized samples are stable for greater than six months at -20° C to -70° C. 

♦ Upon reconstitution, this cytokine can be stored under sterile conditions at 2° - 4° C for 
one month or at -20° C to -70° C for three months without detectable loss of activity. 

♦ Avoid repeated freeze-thaw cycles. 



Human Interleukin 4 

Interleukin 4 is a pleiotropic cytokine produced by activated T cells, mast cells, and basophils. It was initially identified 
as a B cell differentiation factor (BCDF), as well as a B cell stimulatory factor (BSF1). Subsequent to the molecular 
cloning and expression of both human and mouse IL-4, numerous other functions have been described on B cells as 
well as other hematopoietic and non-hematopoietic cells, including T lymphocytes, monocytes, macrophages, mast 
cells, myeloid and erythroid progenitors, fibroblasts, endothelial cells, etc. IL-4 exhibits anti-tumor effects both in vivo 
and in vitro. Recently, IL-4 has been identified as an important regulator for the CD4* subset (Th1-like vs. Th2-!ike) 
development. 

The genes for IL-4 have been mapped to human chromosome 5 and mouse chromosome 11 and are closely linked to 
the genes for IL-3, IL-5, IL-13 and GM-CSF. cDNAs for both murine and human IL-4 encode precursor proteins with 
signal peptides that are cleaved to form mature human and mouse proteins of 129 and 120 amino acid residues, 
respectively. Human and mouse IL-4 are species-specific in their activities. 

The biological effects of IL-4 are mediated by the binding of IL-4 to specific cell surface receptors. The functional 
high-affinity receptor for IL-4 has now been shown to consist of a ligand binding subunit (IL-4 R) and a second subunit 
(3 chain) that can modulate the ligand binding affinity of the receptor complex. It has been shown that in certain cell 
types, the gamma chain of the IL-2 receptor complex is a functional p" chain of the IL-4 receptor complex. 
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